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Abstract  
The current demographic development will lead to changing working conditions. The paper at hand presents methods for 
the investigation of expert knowledge within the company and how to document these information, widely independent 
from individuals, within a technology based learning environment, using virtual reality (VR) technologies and other media. 
Expert knowledge is often coded as tacit knowledge [1] and can be hardly verbalized by experts. The extraction of tacit 
knowledge requires methods that are based on stories. Beyond facts these stories also include tacit knowledge driven by 
emotions. One of the narrative methods presented in the paper will be the »triad interview« [2]. The documentation of these 
interviews within texts is not very sustainable and other methods for the documentation of expert knowledge are required. 
Especially in the field of maintenance that is focused in the paper, virtual reality is a suitable method for the documentation 
as technicians are familiar with drawings and visual content representations. Virtual reality learning environment can 
visualize working processes and keep the narrative structure that is required for transferring tacit knowledge. Besides, 
interactions as a typical characteristic of virtual reality applications allow the design of problem solving tasks. The paper 
presents the »triad interview« and the »working process analysis« [3] that are used for extracting the relevant information of 
a working process. For the didactical design of the learning tasks the method of the »complete action« [4] is applied. The 
paper will present the design of the several phases and their benefit for the learning process. Finally the results and 
experiences from an evaluation study within the organization will be presented.  
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1. Introduction 
The content of existing learning environments is often solely focused on teaching factual knowledge. 
Learning tasks are therefore designed in instructional design. 
The paper at hand describes learning and further education in the field of maintenance of technical 
equipment. Long lasting product lifecycles and a high variety of types of devices make the maintenance tasks 
very complex. Good technicians are usually those who have already solved many complex tasks in theirs work 
life. The experience gained within these jobs is valuable for the technician himself and also for the 
organization. Organizational processes as well as the demographic development will lead to leaving experts. 
When they are leaving the organization they will take the valuable expert knowledge with them. 
So, human resource development strategies need to apply methods for the investigation, documentation and 
the transfer of expert knowledge within the company.  
Especially in the field of maintenance of technical equipment, know how is more than the factual knowledge 
that can be looked-up in manuals and instructions. Decision making and responsibility are retrieved within 
active handling and the experience that was gained during the detection and correction of failures in complex 
situation. The knowledge technicians have retrieved in these situations is the so called tacit knowledge. Experts 
are usually not aware of owning this special knowledge; it can hardly be verbalized and is therefore difficult to 
be transferred within the organization. The paper at hand presents the method of the triad interview that allows 
the extraction of tacit knowledge.  
Furthermore, maintenance requires problem solving competence that can only be gained by acting, by means 
of solving tasks self-consistent. Due to the insufficient availability and the danger that comes from the device, a 
practical training is often not possible. Interactive technology-based learning environments can overcome this 
restriction and allow users to make experiences already on the computer, independent from the availability of 
the machine. Therefore work process related learning tasks are designed. 
The didactic design of the learning environment and its integration to on-the-job-trainings is described in the 
paper at hand. The main method described is the complete action, a well-known principle from German 
vocational education. Finally, experiences from practical use and results from a study that was conducted will 
be presented. 
2. Investigation of expert knowledge 
2.1. Tacit knowledge 
The paper at hand focuses on technical domains, especially on the maintenance of technical equipment. The 
maintenance of technical equipment requires, beyond the technological expert knowledge, the experience of the 
technicians received by reflecting the results of very difficult, complex and challenging tasks. A main part of 
this experiential knowledge is the so called tacit knowledge. Technicians are often not aware of this special 
knowledge what becomes noticeable when they can’t verbalize their knowledge. So, tacit knowledge is more 
than just the systematically received knowledge within vocational education, it is the result of the workers 
technical handling in theirs everyday work life. [5][6] 
Within the organization it is the challenge to transfer tacit knowledge among the technicians. So far the 
exchange of experience is often bound to the personal exchange between experts and younger technicians. This 
requires a high deployment, e.g. by organizing mixed teams by age or learning tandems. Due to the high costs 
this way cannot be realized systematically within companies. Besides, this procedure does not solve the 
problem that the knowledge transfer is restricted to individual employees only. 
To overcome this restriction methods for the investigation of expert knowledge without loss of information 
are required. Methodical approaches to the investigation of expert knowledge are narrative methods like 
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storytelling and triad interviews [7], technician-expert-workshops as well as interviews with experts and 
technicians [8].  
2.2. Problemsolving competence as qualification requirement in maintenance 
Schaper and Sonntag [9] describe the requirements to employees as technical problem solvers as an 
interdisciplinary approach from the view of industrial, engineering and cognitive psychology as well as from 
the point of educational psychology and computer science. The publication analyses the knowledge 
requirements for the process of failure analysis. The study refers to the development of effective learning 
concepts based on the awareness that the qualification that is required for maintenance is only partially 
retrieved within the vocational education. Most of the required knowledge for fault analysis and correction are 
retrieved by experience and reflection. The following knowledge components are distinguished: 
  Technological knowledge about the machine and potential failures 
  Knowledge about the procedure of fault analysis, usage of measurement devices and control of 
assumptions about causes of malfunction 
  Strategic knowledge about fault analysis and its transfer to similar situations [10]  
As a result of the study the authors agreed that the behavior of the technician during fault analysis is controlled 
by the factual knowledge as well as by the procedural knowledge that was retrieved during the working 
process.  
So far, in organizational practice there are two main procedures for teaching experiential knowledge: 
 In seminars experienced trainer present factual knowledge enhanced by their personal experience.  
 During the work process technicians are supported and advised by experienced experts, e.g. by phone 
instructions. 
Both methods depend on the personal exchange between expert and novice technicians and do not enable 
learning by doing. 
The following section will introduce the triad interview as one method for the investigation of expert 
knowledge within the organization. 
2.3. Method: Triad interview 
The triad interview is a method for the transfer of experiential knowledge. It was developed and tested from 
Dick [6]. It is characterized by a locally and timely defined dialogue about an agreed topic where three persons 
with very specific roles take part: 
 The narrator as the technical expert for the topic is responsible for the validity of the knowledge. 
 The listener as the novice technician who wants to learn from the expert is responsible for the usefulness of 
the knowledge. 
 The technical layperson who is the methodical expert and moderator  and who is responsible for the 
comprehensibility. 
The expert describes situations where he gained significant experiences. These can be situations where 
something went really well or solutions and understandings that were achieved during the accomplishment of a 
complex task. The listener follows the experts handling and tries to understand. The immersion to this handling 
is alleviated by the role of the moderator who is responsible for the conditions of this dialogue. The moderator 
ensures that the narrator and the listener are both close to the topic, ambiguities are reassessed and really 
personalized and tacit knowledge is transferred. The moderator keeps the external perspective whereas the 
listener can put himself into the expert’s position. 
The introduction of the triad interview method requires a careful preparation at all levels involved in the 
organization. It is especially important to establish an atmosphere of mutual trust among all participants. The 
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context of use of the reported knowledge must be transparent so that the experts need not to be afraid of losing 
their unique knowledge.  
Triad interviews are usually documented as text document what is not sufficient for knowledge transfer 
beyond the personal exchange. Technology-based learning environments using virtual reality technologies 
reveal a great potential for the design of authentic learning tasks and the access to object- or process-related 
expert knowledge. Here, the virtual model can serve as a visual anchor for the documentation and allows easy 
access to information.  The next section will describe in detail the didactical design of learning tasks within an 
interactive 3D learning environment.  
3. Technology based learning environments 
The paper at hand describes the characteristics of a technology based learning environment and its  
didactical design. The learning environment was developed and tested in cooperation with two global electricity 
companies. The characteristic and the potential of VR hypothesize that VR is going to be enjoyable, especially 
for younger technicians who are familiar with new media. A high degree of interaction and the related ability of 
solving and experiencing tasks in the learning environment allow the assumption that the transfer of the 
learning content to the real work process will be improved compared to the teacher-centered approach. The 
designed learning environment contains several modules that can be accessed according to the user’s needs and 
learning interest. [11] 
3.1. Technology based learning environment 
Technology based learning environments described in this paper are based on virtual reality models and a 
2D user interface. The common data source for the 3D models are 3D CAD data that are usually available in 
the company from the construction process. After data conversion und optimization, an authoring system 
allows the definition of object behavior like animations, training procedures, conditions and interactions.  The 
learning environment can be scaled for usage, from mobile devices up to CAVE and 360 degree projection 
systems. Users can interact with mouse and keyboard what is very common for industrial usage as those input 
devices are available and have a serious character compared to gaming devices that are facing a lack of 
acceptance within companies.  
The 2D user interface is based on html and flash and allows easy adaptation to the customers’ corporate 
identity. Checklists implemented are used to document working processes in a step by step list. They result 
from the working process analysis and contain the link to the 3D visualization of the work step and links to 
additional information, e.g. images and videos taken from the real working environment and documents.  
The medium to use is chosen as a function of the learning task that is to be implemented. In some cases a 
combination of different media is suggested, e.g. virtual reality that allows the best visibility to the single 
components, combined with videos showing manual actions.  
The learning environment contains several modules that can be accessed according the users’ needs and 
learning interest. 
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Fig. 1. Virtual model of an operating mechanism 
3.2. Visualization of components and functionality 
The basic module allows users to make themselves familiar with the components and the functionalities of 
the technical device. The understanding of the functionality is a very important pre-condition for being able to 
act self-confident and safe in the real working environment. In existing training courses, mainly teacher-
centered, the components and functionality were taught using Powerpoint slides and mock-ups. This kind of 
presentation requires concentrated attention and abstract thinking as processes within the device are not visible 
or too fast to be recognized by the human eye. The virtual learning module changes the training in a way that 
now each trainee can discover the device interactively on a laptop. The structure of the circuit breaker is visible 
in every detail (see fig. 1) and the functional processes can be operated individually. Users can adapt the speed 
and the viewpoint of the animation to their demand and explore the device.  
As a result of this first learning module the trainees know the components and the functionality of the circuit 
breaker what is a main requirement for understanding the maintenance procedures. 
3.3. Best practice solutions 
The second module contains best practice solutions for three maintenance tasks. The tasks were chosen due 
to theirs complexity and theirs rarely occurrence in daily working processes. Besides they are dangerous to deal 
with. The best practice solutions were developed together with the technical experts, applying the working 
process analysis (WPA) [3] and the expert knowledge retrieved in triad interviews. Following the WPA, in 
several workshops the relevant working steps were identified and discussed in detail. Therefore, not only the 
technical aspects were taken into account, the process was also considered under the aspects of safety, 
environment protection and special customer requirements. 
The best practice solutions are presented as step-by-step instructions following a defined checklist. Easy-to-
follow animations, enhanced by images and texts that contain for example safety instructions, make it very 
comprehensible for trainees. From the checklist users can easily access further information by means of expert 
knowledge, documents (manuals, instructions etc.) or photos taken in the real working environment and 
showing the special characteristics of a special type of device. This allows organizations to reuse existing 
training material, whereas it can now be easily accessed via the related work step. 
Derived from the working process interactive learning tasks were developed. Theirs didactical design 
follows the principle of the complete action, known from the vocational education in Germany. The complete 
action contains six phases that need to be performed by a trainee. The phases and theirs application to the 
virtual learning environment will be introduced in the next section. 
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Fig 2. Technology based learning application in use 
 
3.4. The complete action in a virtual learning environment 
Phase 1 - Information. In the first phase, after the learner has received the work order, information can be 
accessed from several sources. Documents by means of manuals, working instructions and protocols can be 
opened within the learning platform. The technical device can be interactively discovered. Therefore, assembly 
groups involved in the task can be analyzed in detail regarding theirs position in the device and theirs 
functionality for the process (see Fig. 1). 
Phases 2/3 – Planning and decision making. These phases are the most challenging to be realized in a 
technology based learning environment. The aim is to offer the trainee a scope of action that is very close to 
real work life. It should allow users to make mistakes to learn from. To enable this, all actions should be 
answered with a systems feedback. The effort for preparing every possible behavior by means of animations 
and feedback would have been extremely high, therefore another solution needed to be developed. For planning 
purposes the user is offered a list of working steps in a randomized order. This list contains correct as well as 
wrong executed steps. First the user has to watch each step and then has to decide if this step is relevant for the 
given learning task and if it is executed in the correct manner, e.g. if the correct tools are used and if all aspects 
of safety are taken into account. This task results in a list of working steps that are chosen to be correct. Finally 
the steps need to be ordered to achieve a final work plan. 
Phase 4 – Execution. The main benefit of using virtual reality technologies is, beyond the improved 
visibility of processes, the interaction that allows users to handle in real working situations even if they are very 
complex or dangerous. Like in a computer game the trainee now has to execute the working steps, planned 
before, interactively by using mouse and keyboard. The correct tools need to be selected as well as the part of 
the assembly where it has to be applied to. 
Phase 5/6 – Feedback and Reflection. The trainee gets feedback to his actions, e.g. by means of textual 
responses or audio output. The kind of feedback can be defined individually by the content developer. The last 
phase is the reflection. This phase is usually realized within the group together with the trainer. It will be 
reflected whether the chosen solution was the best way to solve the task or if there are steps to improve. 
The learning environment is implemented in the companies’ on-the-job training and has been evaluated. The 
evaluation procedure and the results that were achieved are presented in the next section. [12] 
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4. Evaluation 
4.1. Participants 
Twenty male trainees from two global electricity companies served as subjects in the current study. The 
average age was 36.6 years (SD = 10.68), ranging from 23 to 55 years of age. The study took place at a 
technological training center of the companies (see Fig. 2). All participants belonged to the maintenance staff of 
the companies. All trainees were intermediate to experienced computer users and had advanced technological 
knowledge in maintenance of high voltage equipment. 
4.2. Measures 
Many different training evaluation approaches have been published [13]. However, the best known and 
widely accepted model for the evaluation of training and learning was proposed by Kirkpatrick [14]. According 
to Kirkpatrick’s evaluation training model [15] the personal reactions of trainees as well as the resulting 
increase in technological knowledge are focused as training outcomes. 
Examination of literature indicated enjoyment and perceived usefulness as two conceptually separate kinds 
of trainee’s reactions [16-17].  
Enjoyment. The extent to which trainees perceive a program as enjoyable is a central form of subjective 
evaluation (sometimes tapped by what organizations refer to as “happiness sheets” or “smiley sheets”).  
 For the measurement of enjoyment a questionnaire comprising eight items was designed.  
Perceived usefulness. This reaction to training focuses upon the potential applicability of the learning 
material in the trainee´s job and thus is associated with changes in work behavior.  
Learning. The evaluation of learning has evolved as a global term with a variety of different methods of 
achievement measurement. The approaches vary as a function of educational objectives that might result from 
training. In the majority of cases, focus is upon the acquisition of cognitive outcomes (trainee knowledge), but 
training often addresses skill-based or attitudinal outcomes as well [18]. However, in close coordination with 
the trainer staff it was decided that the learning should be assessed in the traditional way of a written 
examination. While it is appreciated that this may not be the best method of assessment, it is the method 
normally used within the companies, and therefore was realistic within the training environment.  
Consequently, a written test, focusing on the technological knowledge learnt, was given. The survey 
contained multiple choice questions as well as matching exercises whereby trainees had to correctly rank the 
answers they were provided with. The trainees were asked to complete 30 questions with an overall score 
ranging from 0 to 45 points. Points were not deducted for incorrect answers. 
Usability. With regard to trainee’s educational objectives and to avoid any distraction to trainee’s learning 
curve a summative evaluation was chosen. Accordingly, the VR application was evaluated after use by asking 
the VR trainees to complete the Software Usability Measurement Inventory (SUMI). SUMI is a rigorously 
tested and proven method of measuring software quality from the end user’s point of view [19]. It yielded 50 
ratings for affect, efficiency, learnability, control and helpfulness as well as giving an overall usability 
assessment. Several items were adapted to the needs of the investigation at hand.  
4.3.  Procedure 
In order to evaluate the VR learning application a quasi-experimental pretest-posttest-follow-up control 
group design was chosen, with a group of trainees being taught traditionally by a trainer as the control group 
(TT) and a second equally sized group of trainees using the virtual reality application as the experimental group 
(VR). Hence, the trainees were assigned randomly to two groups of 10 persons each. In each training session 
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participated 5 trainees and each one took 8 hours of work. This applies for both conditions, the TT training and 
VR training as well.  
While the TT group was taught in the usual way using Powerpoint presentation and a mock up of the 
operating mechanism, the VR group was used the virtual learning environment in order to learn the 
maintenance workflow. In the latter case the trainers’ role changed from a teacher to a learning coach asking 
trainees to reason, integrate, and demonstrate knowledge, answering questions and giving expert feedback. For 
this purpose the coach received a special training to manage the new role. 
Prior to the VR training session, the trainees were introduced to virtual reality. Within the tutorial the 3-D 
interface and the main interaction metaphors were explained. 
Prior to the program (Time 1), trainees were asked to complete a questionnaire which tapped the previous 
technological knowledge (learning, see above) as well as demographic characteristics. Immediately after the 
training session (Time 2) the trainees were asked to complete a survey which addressed their initial reactions 
(see above) on the one hand and the acquired technological knowledge (learning) on the other hand. The items 
designed to tap enjoyment and perceived usefulness were intermixed in a single set of items. Additionally, 
participants of the VR group completed the SUMI. Approximately three weeks later (Time 3) the trainees were 
requested to answer the technological knowledge questionnaire again to assess knowledge retention over time. 
5. Results 
5.1. Data analysis 
All reverse-worded items were recoded. For user satisfaction and perceived usefulness Cronbach´s Alpha as 
coefficient of reliability was computed [20]. Afterwards, two separate two-way ANOVAs on user satisfaction 
and perceived usefulness with teaching method (TT, VR) and age (younger, older; median split) as factors were 
carried out.  
To compare the learning outcome a three-way repeated measurement ANOVA with time of measurement 
(Time 1, Time 2, Time 3) as the repeated-measures factor and teaching method (TT, VR) as well as age 
(younger, older; median split) as between factors was estimated. When main effect was significant, Bonferroni 
corrected p-values are reported for post hoc comparisons (t-test, two-tailed).  
Additionally, an independent t-test was used to determine whether there was a difference in usability rating 
between younger and older trainees.  
The alpha level for tests of statistical significance was set to .05. For all ANOVAs, p-values were 
Greenhouse-Geisser corrected. For descriptive data mean and standard deviation are reported. 
5.2. Enjoyment 
For user satisfaction an internal reliability of  = .891 was observed. A main effect of teaching method 
(F(3,16) = 5.38, p = .034) was found. Thus, trainees who participated in VR are more satisfied with the seminar 
than members of the TT group. 
5.3. Perceived usefulness  
 For perceived usefulness an internal reliability of  = .864 was observed. An interaction between teaching 
method and trainees age emerged from the analysis, F(3,16) = 6.19, p = .024. Age biases differences between the 
perceived usefulness of TT and VR. Younger trainees rated VR more useful for subsequent job performance, 
while older trainees assessed TT as more valuable. 
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Fig. 3. (a) Learning outcome of younger trainees depending on teaching method; (b) Learning outcome of older trainees depending on 
teaching method 
5.4. Learning 
A main effect of time of measurement, F(2,32) = 25.32, p < .001 was revealed, due to improved technological 
knowledge at Time 2 (M = 35.40, SD = 6.40) compared to Time 1 (M = 24.45, SD = 7.44), t(18) = 6.2, p < .001 
and Time 3 (M = 31.30, SD = 4.29), t(18) = 3.11, p = .02. The comparison between Time 1 and Time 3 is 
significant as well, t(18) = 4.43, p = .001. 
Besides, an interaction between time, teaching method and age emerged from the analysis, F(2,32) = 3.76, p = 
.039. In detail, as Figure 3 demonstrates, younger trainees benefited more from TT while older trainees 
achieved improved results due to VR (Time 2). The investigation of learning outcome over time (Time 3) 
shows enhanced performance for VR compared to TT. This applied to both older trainees (TT: M = 28.80, SD 
= 4.27; VR: M = 33.40, SD = 3.56) and younger trainees (TT: M = 28.20, SD = 3.49; VR: M = 34.80, SD = 
1.92). Even though younger trainees learned more from TT at Time 2, the retrieve of technological knowledge 
(Time 3) was advanced for VR (see Fig. 3). 
5.5. Usability 
A comparison of usability as a function of age revealed no difference between the groups, t(18) = .661, n.s.. 
Both, younger trainees (M = 3.85, SD = .53) and older trainees (M = 3.67, SD = .27) assessed the usability of 
the virtual learning environment moderate positive. 
6. Discussion 
The high acceptance and perceived usefulness among the experienced technicians can be explained by the 
connectivity to their professional experience. Technicians are aware of situations in which such a technology 
based training environment would have been of good help for solving a complex task or for a deeper 
understanding of the devices behavior. Within the training unsolved situations could be re-experienced and 
explanations could be found. This made the learning environment somehow more attractive for the more 
experienced technicians compared to the younger ones. 
The novice and younger users are familiar with new media from theirs everyday life experience. Computer 
games, smartphones and 3D-cinema, as some examples, prove that 3D content is very common for younger 
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users. The missing technological experience for the maintenance of high voltage equipment explains the fairly 
lower rating for the perceived usefulness. 
7. Conclusion 
The technology based learning environment presented in this paper reveals a high potential for the transfer 
of expert knowledge within the organization, widely independent from individuals and therefore sustainable. 
For future work the authors suggest the following improvements and developments: 
 Fasten up the process of knowledge investigation by using virtual reality technologies as a documentation 
tool already within the triad interview  
 Improve user feedback and avoid deadlocks for raising users motivation 
 Offer more explorative and experimental learning tasks with problem solving character 
 Fasten the process of content development for being able to react to the companies demands immediately 
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